Differentiating detections of a telemetered fish from those of predators which may have 10 consumed that telemetered fish presents problems and opportunities. Previous efforts to quantitatively 11 classify predation events have had to rely on data from unknown states of fish (i.e. unsupervised 12 learning techniques) with the consequence that model performance cannot be refined or compared to 13 alternate models. We circumvent this limitation by analysing acoustic telemetry track data to 14 differentiate movement patterns of tagged Striped Bass (Morone saxitilis) from those of Atlantic Salmon 15 (Salmo salar) smolts which were known to not have been predated by Striped Bass over a three year 16 period in the Miramichi River estuary. A random forests classification model (i.e. supervised learning 17 technique) was used to differentiate the movement patterns of these two species and the model was 18 applied to Atlantic Salmon smolt movement characteristics to provide an index of Striped Bass 19 predation-derived mortality. The optimized random forests model inferred that predation rates by 20 Striped Bass were highly variable between years for two smolt stocks, ranging from 1.9% to 17.5%. 21
Spatial and temporal overlap of the two species is a likely factor defining the between stock and annual 22 variation of predation rate estimates. 23 D r a f t
Introduction 24
Telemetry studies often assume that detections are from the individual tagged. This assumption is 25 violated when a tagged fish is consumed by a predator or scavenger and the tag continues to be 26 detected by acoustic receivers (Gibson et al. 2015) . Miniaturization of acoustic transmitters is permitting 27 researchers to make inferences on survival and movement behaviour of increasingly smaller fish (Welch 28 Field study 93 
Description of the Miramichi river system

94
The Miramichi River system has a catchment area of roughly 14,000 km 2 (Fig. 1) Smolts were anaesthetised using clove oil (0.2 ml L -1 concentration) until loss of equilibrium and 117 very little gill movement (generally 3-5 minutes). Once this had occurred, fork length (cm) was taken 118 before the fish was placed ventral side up on a v-shaped operating board lined with a chamois leather. 119
All surgical tools and tags were disinfected in anhydrous ethyl alcohol prior to each surgery, before 120 being rinsed in distilled water. An approximately 11 mm incision was made along the mid-ventral line 121 about 20 mm anterior to the pelvic girdle. Acoustic transmitters were inserted via the incision into the 122 abdominal cavity of the fish. The fish's gills were continuously irrigated with a wash bottle containing 123 anaesthetic during the surgery. The fish's body was kept moist throughout the surgery by using a wash 124 bottle containing river water to irrigate the skin, avoiding the incision area. Incisions were sealed using 2 125 to 3 interrupted stitches using 4/0 non-absorbable black monofilament nylon sutures with 19 mm 126 reverse cutting blades. Fish were placed in an aerated recovery bath for observation. Once equilibrium 127 had been restored, fish were transferred to in-river holding tanks at the respective release sites, and 128 held for a minimum of one hour before release. 129
During 2013 to 2016, a total of 514 Atlantic Salmon smolts were acoustically tagged and released 130 in the Miramichi River (Table 1) . Of these, 374 smolts were subsequently detected between head of tide 131 receivers and Miramichi Bay exit receivers. The mean fork length of smolts selected for acoustic tags 132 was 14.2 cm within a range of 12.1 cm to 18.2 cm (Table 1) Carr, J., Jonsen, I., and Whoriskey, F. In review) an ingested acoustic tag would need to remain in the 224 gastrointestinal tract of a predator migrating to and detected at the Strait of Belle Isle, we believe our 225 second assumption to be robust. 226
Model Optimization and Performance
227
Within the randomForest function the number of randomly selected variables (i.e. mtry) used for 228 each tree was optimized. We defined the potential number of variables equal to the total number of 229 descriptive variables (8). To select the optimal number of variables, ten-fold cross validation was used to 230 resample the data, fit a model, and estimate the mean and 95% confidence interval of the Kappa 231 statistic as per Kuhn and Johnson (2013 
Model Application
238
For all acoustic transmitters implanted into smolts that also had detections (Table 1) within the 239 study site, the optimal RF model was applied to generate the probability of each transmitter detection 240 data exhibiting Striped Bass and smolt movement patterns (i.e. probabilities of both classes sum to one 241 for each transmitter). Probabilities generated through the RF model reflect the proportion of trees 242 within the forest with votes for the respective classes. A smolt track was assigned to smolt or bass 243 categories using three approaches. (Fig. 2 a,b,c,d ) and 'true' 274 Striped Bass movement patterns had more frequent up and downstream reversals (Fig. 2e) .
No Striped 275
Bass detection data were available for 2013, however we included smolt detection data from this year 276 because several smolts detected at the SoBI gate exhibited more variable in-river movement patterns in 277 that year compared to the other years (e.g. Fig. 2b ). There was no evidence to suggest that Striped Bass 278 had annual variations in movement patterns. Inclusion of the 2013 smolt detection data allowed for a 279 greater range of 'true' smolt movement patterns to be included in the training data set to derive the 280 final and optimal classification model (Fig. 3) . Due to an inconsistent number and deployment location high degree of classification accuracy on the training data was somewhat expected given the 289 considerable differences between species for the movement variables used (Fig. 3) . defined as belonging to an unknown state, ranging from 2.0% to 8.3% for NW smolt tags and 0.0% to 307 10.7% for SW smolt tags (Fig. 5) . 308
The spatial and temporal overlap between Striped Bass and Atlantic Salmon smolts based on tag 309 detections varied annually in the Miramichi estuary but it was estimated to be greater for Northwest 310 smolts than for Southwest smolts (Fig. 6) . Striped Bass congregated most densely in the NW estuary in 311 all years (Fig. 6) . In 2014 and 2015 Striped Bass congregated in the mainstem Miramichi before spawning 312 and during the tagged smolt migration period, however, this was not apparent in 2016 (Fig. 6) . Most 313 tagged smolts passed through the Miramichi estuary over a two-week period, typically from last week of 314
May to the first week of June (Fig. 6) . The spatial and temporal overlap between SW Miramichi tagged 315
Atlantic Salmon smolts and tagged Striped Bass ranged from 18.7% to 56% (Fig. 6) , whereas the spatial 316 and temporal overlap between NW Miramichi smolts and Striped Bass ranged from 45.3% to 70.7% (Fig.  317   6 ). Spatial and temporal overlap between Striped Bass and both smolt stocks was lowest in 2015. 318 to alternate predators is most likely limited to that of piscine predators as avian or terrestrial predators 355 would be expected to remove the transmitter from the study area and would no longer be detected by 356 receivers, as was the case for some tags in the study. In the event an acoustically tagged smolt is 357 consumed by a predator and few to no subsequent detections are made on receivers, the model 358 classification would be to a smolt under the binary classification scheme. This is primarily due to 359 movement characteristic measurements (exception of average speed between detections) being greater 360
for Striped Bass than smolts in addition to the number of variables (5) characteristics between smolts and bass; the tagged smolt died in the estuary for reasons other than 382 predation after having moved or been displaced by currents before dropping out of the detection range 383 of receivers; the tag was expelled by the smolt in the estuary. 384
Advances to address this question could be made using technologies that can define when and 385 where consumption events occur. One such technology is predator tags which can signal consumption 386 events based on a change in identification code triggered by the change in pH associated with the 387 predator's gastrointestinal tract (Halfyard et al. 2017 ). This technology could define predation events 388 more precisely than from movement pattern data as used in this study. Despite the ability of this 389 technology to highlight consumption events at finer temporal and (potentially) spatial scales they are 390 still not capable of fully defining when and/or where the predation event occurred because the 391 triggering of the change in tag signal is subject to a time lag associated with consumption, digestion of 392 the prey, and the switch in the identification code which would signal the consumption event. arrived at the main stem estuary (Fig. 6) , and this corresponded with the lowest inferred consumption 423 rate (1.9%) on SW tagged smolts during this study. 
